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(54) Electronic circuit paciiage witii diamond film heat conductor 



(57) An electronic circuit device package of the type 
having a metal laminate base flange of molytxjenum 
clad with copper on both faces has a C VD diamond film 
substrate inlaid in a well in the bottom of the base flange 
so that it is flush with the base flange surface. An open- 
ing in the opposite side of the base flange forms a 
chamber with the diamond as a floor to which the device 
may be bonded in intimate contact with the diamond 



substrate. The edges of the diamond are brazed with a 
gold-indium braze in intimate thermal contact with a 
shoulder of the well to maximize heat conduction from 
the edges of the diamond into the base flange. The 
base flange may be fastened to the flat surface of a heat 
sink member with the diamond in intimate thermal con- 
tact with the heat sink member. 
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Description 

Field of th e Inventinn 



^® invention relates generally to packages for 
elecfronic drcuits and in particular to such packages 
which make use of diamond fOm for conducting heat 
from the device to the outside of the package. 

Bachqrounri of the Im/grlf^p 



10 



10002] Electronic devices are typically housed in a 
package- TTie package is designed to provide the 
device protection from environmental factors, such as 
moisture. It is also designed for convenient electrical is 
interconnection and for conduction of heat generated by 
the circuit to the outside of the package, where it may be 
removed by various means. There are many different 
types of packages commercially available to the manu- 
facturers of electronic circuits. To some extent the wide 20 

"^I^" the reputation as a 

standard" design geometry identified by a designation 
recognized in the industry through validation by trade 
organizations, such as the IEEE (Institute of Electronic 
and Electrical Engineers). 

[0003] Heat removal from circuit devices in packages 
has become increasingly challenging as their power 
densrtes have inaeased. For example, large scale inte- 
grated circuits include ever larger numbere of active ele- 
rnents and operate at ever higher speeds, which so 
requires more power. Power amplifiers have been 
reduced in size, to that they have higher power densi- 
ties. More effective heat removal has been accom- 
plished by the incorporation into the package design of 
materials which have a high heat conductivity, such as 35 
copper. Usually, the copper is in the form of a substrate 
of tfie package, and the circuit device is mounted 
directly to it with a suitable bonding agent. In some 
cases the circuit device cannot be mounted directly on 
an electrically conducting member because spurious 4o 
noise in its signal would arise due to capacitive coupling 
to the substrate. In that case either the conductivesub- 
strate must be covered with an electrically insulating 
i^er before the circuit device is attached, or the sub- 
strate rnust itself be made of an electrically insulating « 
thermally conductive material. Packages of this general 
type are described, for example, in U.S. Patents 
5,065.281 and 5. 109.268. o. raients 

10004] While there are a number of materials, such as 
aUjmrnum nitride, beryllium oxide, aluminum oxide and so 
silicon nitride, which are electrically insulating and also 
effective conductors of heat, by far the most outstanding 
material in this category is diamond. In particular dia- 
mond film can be made by CVD (chemical vapor depo- 

S^rLT ^ « substrate ss 

material. It has a very high electrical resistivity and is 
about three to five times as effective in conducting heat 
as IS even copper, the best of the metals in this regard 



10005] The incorporation of diamond film into a pack- 
age for heat removal involves a number of difficulties 
Among these is that the CTE (coefficient of thermal 
expansion) of diamond is muc*i lower than that of the 
metals typically used in packages. This can lead to 
extreme stresses and eventual mechanical failure of the 
package itself or of the circuit device housed by it 
Attempts to alleviate mismatching of the CTE often lead 
to multi-layered structures in which the heat conductivity 
of the diamond material is not used to full advantage 
due to the thermal impedances inti-oduced by interven- 
ing interfaces or the external geometry of the package 
becomes altered, so that it can no tonger be used in the 
same way for all applications. Such a change in geome- 
fry IS often unacceptable to the circuit device manufac- 
turers who use the package because it requires 
specialized assembly equipment and processes. 
[0006] There is a need for a circuit package which suc- 
cessfully incorporates diamond film into a circuit device 
package for heat removal while avoiding damaging ther- 
mal mismatch with other materials attached to it and 
minimizing any detraction in its performance for remov- 
ing heat from the circuit device to the outside of the 
package. 

Nu mmary of the Im/ant i^n 

[00071 In accordance with the novel invention as 
descnbed herein, diamond is incorporated in a package 
in such a manner that the circuit device may be ther- 
ma l y coupled directly to the surface of it inside the 
pad<age. while heat may be removed direcUy from a 
surface of the diamond outside the package. This struc- 
tore provides a rapid thermal response because of the 
low heat capacity of the diamond, while eliminating all 
ofrier interfaces betiween the circuit device and the out- 
side diamond surface to maximize thermal conductivity. 
As a result of the highly effective heat removal of this 
structure, the operating temperature of the circuit device 
ran be stabilized at a sufficiently low temperature that 
CTE mismatch problems between the circuit device and 
the diamond are avoided. 



Brief Pescrintion of fho Pffffffnijf 
[0008] 

FIGURE 1 is an elevated perspective view of an 
electronic circuit device package in accorxlance 
with one embodiment of the present invention in its 
sealed condition. 

FIGURE 2 shows the package of Fig. i with its cap 
removed to expose its inner chamber. 
FIGURE 3 is a sectioned view of the package of 
Figs. 1 and 2 vnthout the drcuit device and connect- 
ing wires. 

FIGURE 4 is an enlarged, sectional view of a por- 
tion of the section of Fig. 3 showring details of a 
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brazed joint 
Delailed Description 

[0009] In accordance with a preferred embodiment of 
the present invention, a standard geometry circuit 
device package 10 as shown in Figs. 1-4 which Is iden- 
tified in the industry by the designation RF701 and man- 
ufactured, for example, by the Brush Wellman 
Engineered Materials Company of Newburyport, Mas- 
sachusetts, is adapted to incorporate a CVD diamond 
film heat conducting element. This package is espe- 
cially suitable for housing RF (radio frequency) devices 
which have a relatively high power output. 
[0010] The main supporting structure of the package 
10 is a metal laminate base flange 12 which is adapted 
to be fastened to a heat sink member (not shown). The 
base flange 12 is a laminate which includes a core 14 of 
molybdenum about 24 mils thick bonded by a heat diffu- 
sion process directly to a copper cladding 16 about 8 
mils thick over both its top face 18 and its bottom face 
20. Bonded to the copper of the top face 18 is an alu- 
mina frame 22 to which there are attached on opposite 
top sides two copper power leads 24 which pass from 
the outside to the inside of the package 10. A cap 26 
hermetically seals the package 10. 
[0011] The base flange 12 is a modified version of 
what is normally CuW (copper-tungsten) base flange for 
this type of package. Normally, such a flange is entirely 
of CuW. It is designed to have its bottom face 20 firmly 
fastened to the flat surface of a heat sink member, such 
as a metal "slug", by means of screws which extend 
through two fastening holes 21. The present, modified 
version of the base flange 12 is made as a laminate 
because the molybdenum core has a CTE which closely 
matches that of the silicon circuit device to be housed in 
the package. The copper cladding is provided to permit 
assembly of the package components in the same man- 
ner as if the base flange 12 were copper-tungsten, thus 
eliminating the need for developing specialized machin- 
ery and procedures for this process. 
[001 2] Fig, 2 shows the package of Fig. 1 with the cap 
26 removed to reveal a silicon circuit device 28 disposed 
in a chamber 29 formed by an opening 40 through the 
base flange 12. The device 28 is electrically connected 
to the two copper power leads 24 by means of a plurality 
of bonding wires 28 and is attached by a thermally-con- 
ductive bonding agent to a heat conducting floor mem- 
ber, or substrate 32 made of diamond film about 350 
micrometers thick. The diamond substrate 32 to which 
the device 28 is attached is metallized over its entire 
surface with first a titanium layer about 1000 Angstroms 
thick, then a layer of platinum about 2000 Angstroms 
thick, and then a layer of gold about 3.75 microns thick. 
The attachment is carried out by heating the package 
and pressing the device 28 against the metallizing 38 
while vibrating it horizontally to form a gold-silicon 
eutectic interface and is a known process. Such an 



interface provides an intimate thermal and electrical 
contact. The bottom of the device 28 has a base electri- 
cal lead which becomes connected to the base flange 
via the metallizing 38. 

5 [0013] The Fig. 3 shows the package 10 in section, 
with the cap 26. device 28. and bonding wires 30 
removed. It is seen that the diamond substrate 32 is 
inlaid into a shallow well 34 formed in the bottom sur- 
face of the base flange 12. so that it abuts a shoulder 

10 36. As is shown in greater detail in Fig. 4, the substrate 
32 Is brazed to the shoulder 36 by means of a gold- 
indium braze 37 which is 81 weight % gold and 19 
weight % indium and is sufficiently malleable to accom- 
modate the small degree of CTE mismatch between the 

IS diamond substrate 32 and the molybdenum of the base 
flange 12. The well 34 Is made just de^ enough so that 
the diamond substrate 32 fits into it to become flush with 
the bottom surface 20 of the base flange 12. When the 
base flange is fastened to a heat sink member (not 

20 shown), with an appropriate thermal interface com- 
pound, such as a thermal grease (e.g. a wax loaded 
with finely-divided thermal conductor, such as diamond 
or boron nitride), the diamond substrate 32 makes opti- 
mum intimate contact with the heat sink for maximizing 

25 heat transfer. 

[0014] In practice, the thickness of the diamond is 
chosen to suit the needs of the circuit in terms of how 
much heat spreading and how much total heat conduc- 
tion rate is required. The well 34 is then dimensioned to 

30 accommodate those dimensions of the diamond sub- 
strate 32. The calculations for such design parameters 
are loiown to those in the art. 

General Considerations 

35 

[001 5] While in the embodiment described above, the 
core of the base flange is molybdenum and the sub- 
strate is diamond, the invention is applicable to other 
choices of these materials and need not be a laminate 

40 at all. For example, the base flange could be entirely of 
CuW. entirely of tungsten, or entirely of aluminum sili- 
con carbide. However, for base flange materials which 
present a greater CTE mismatch problem for the device 
being housed. It will be necessary to limit more severely 

45 the temperature excursions of the device. 

[001 6] The attachment of the substrate to the shoulder 
of the base flange can be by other bonding methods, 
depending upon their suitability othenA/ise for the partic- 
ular structure Involved. The braze 37 used In the pack- 

so age 10 forms a particularly intimate thermal contact 
between the members and has excellent mechanical 
integrity. This leaves the substrate with not only a very 
high heat flux passing through its thickness to the out- 
side, but also a very high heat flux passing to the base 

55 flange member from its edges where they are brazed. In 
some applications, the heat transfer from the edges 
may be less important. In that case other bonding 
agents, such as solders or epoxles. may be sufficient. 
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An alternative braze which could be used in place of the 
gold-indium combination would be one of 20 weight % 
copper and 80 weight % silver. In that case the metalliz- 
ing would be replaced by one which has a first layer of 
titanium about 1000 Angstroms thicK then a layer of 5 
tungsten about 2000 Angstroms thick, then a layer of 
platinum about 2000 Angstroms thick, and finally a layer 
of nickel about 2 microns ihidk. 
1001 7] For situations in which removal of heat from the 
edges of the diamond substrate is not considered 10 
important, the means of attaching the substrate to the 
base flange is less important, and can be accom- 
plished, for example, without any metallizing and by 
simply a suitable organic adhesive. Ukewise. where the 
heat removal from the device to the diamond substrate is 
need not be maximized, there may be used other 
means of fastening the device to the substrate which do 
not require metallizing. 

[0018] The details of the leads and how they are held 
in place on the package and connected to the housed 20 
device are not considered a part of the invention and 
may be a matter of choice. Ukewise, the manner in 
which the housing is sealed is a matter of choice. It is of 
key importance, however, that the device be directly 
thermally coupled to one side of the diamond substrate 2s 
and that the diamond substrate be directly thermally 
coupled to a heat removal means. By "directly thermally 
coupled" is meant that the only intervening material, if 
any. between members so coupled is a thermal cou- 
pling agent which is viscously deformed by pressure 30 
between the members and has a resulting thickness 
l^s than 10 microns. It does not include a structure In 
which a solid polyimide or other film of about 25 microns 
or more in thickness Is interposed between the mem- 
bers. It does Include the use of a settable adhesive, sol- 35 
der, braze, or thermal grease. 
[001 9] If the package is housing a device which does 
not require attachment to a conductive substrate for pro- 
viding an electrical lead connection, then the diamond 

substrate can have metallizing on its inside surface only 40 . 
where needed for brazing and for attaching the device 
Ori its outside surface, it then needs to have metallizing 
only as required for providing a good thermal coupling 
to whatever means are used for removing the heat con- 1 
ducted to that outside surface. 45 
[0020] Rather than be inset into a shallow well, as is 
the case for the diamond substrate 32 of the package 
10, the diamond substate could also be simply be 
attached to the bottom surfece of the base flange, over- 
lapping the edge of an opening in the flange for forming so 
a housing chamber, so long as this suits the needs of 
the heat removal means for removing heat from the out- 
side surface of the diamond. For example. In such a 
case it may be necessary to provide spacers of the 
same thickness as the diamond substrate under the ss 
holes for fastening the package to a heat sink in order to 
prevent bending of the base flange as a result of a can- 
tilever effect from the diamond substrate being raised 



above the bottom surface of the base flange. 
[0021 ] The invention can be adapted to a wide variety 
of packages which feature a base flange which is 
designed to act as a heat removal member for the 
housed device, the adaptation involves removing at 
least that portion of the base flange which would sup- 
port the device and replacing it with diamond film sub- 
strate of a thickness which meets the demands of 
thermal management of the device. In addition, the dia- 
mond film substrate should be located so that it properly 
couples the output heat of the package to heat removal 
means. If the package is to be mounted to a solid heat 
sink. It may be necessary to have the substrate flush 
with the lower surface of the base flange to be mounted 
If the heat removal is by fluid flow or liquid spray, this 
may not be necessary. 

Claims 

1 . A package for housing an electronic circuit device 
comprising: 

a base flange adapted to be fastened to a heat 
removal means, the base flange having a top 
face and a bottom face; 
an opening between the top face and bottom 
face of the base ffange; 
a diamond substrate having a top and a bottom 
major surface disposed in the opening and fas- 
tened to the base ffange about its perimeter. 

2. The package In accordance with daim 1 wherein 
the base flange has a rim at its bottom face which 
includes a shoulder having a depth from the bottom 
face of the base flange. 

3. The package in accordance with cfaim 2 wherein 
the diamond substrate is inlaid on the shoulder, 

4. The package in accordance with cfalm 3 wherein 
the bottom major surface of the dfamond substrate 
is flush with the bottom face of the base flange, and 

5. TTie package in accordance with daim 4 wherein a 
bonding agent Is provided between the top major 
surface of the diamond substrate and the surface of 
the shoulder. 

6. The package in accordance with daim 5 wherein 
the bonding agent is a braze. 

7. The package in accordance with cfaim 6 wherein 
the braze is a gold-indium braze. 

8. The package in accordance with cfaim 7 wherein 
the braze is 81% by weight of gold and 19% by 
weight of indium. 
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9. The package in accordance with claim 1 wherein 
the base flange is made of primarily a metal having 
a significantly lower coefficient of thermal expan- 
sion than does copper. 

5 

10. The package in accordance with claim 9 wherein 
the base flange metal is molybdenum. 

11. The package in accordance with claim 10 wherein 

at least the bottom face of the base flange is cov- io 
ered with a surface layer of a different material. 

12. The package in accordance with claim 11 wherein 
the different material is a metal having a coefficient 

of thermal expansion significantly higher than that is 
of molykxienum. 

13. The package in accordance with claim 12 wherein 
the different material is copper. 

20 

14. The package in accordance with claim 1 wherein 
the diamond substrate is metallized on its upper 
major surface at least over an area in which an 
electronic circuit device is to be attached. 

25 

15. The package in accordance with claim 14 wherein 
the metallizing includes a first layer of titanium on 
the diamond. 

16. The package in accordance with claim 15 wherein 30 
the titanium layer is about 1000 Angstrons thick. 

17. The package in accordance with claim 16 wherein 
the titanium layer is covered with a layer of plati- 
num. 35 

18- The package in accordance with claim 17 wherein 
the platinum layer is about 2000 Angstroms thick. 

19. The package in accordance with claim 18 wherein 40 
the platinum layer is covered with a layer of gold. 
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(54) Electronic circuit paclcage witli diamond film heat conductor 



(57) An electronic circuit device package of the type 
having a metal laminate base flange of molytxienum 
clad with copper on both faces has a CVD diamond film 
substrate inlaid in a well in the bottom of the base flange 
so that it is flush with the base flange surface. An open- 
ing in the opposite side of the base flange forms a 
chamber with the diamond as a floor to which the device 
may be bonded in intimate contact with the diamond 



substrate. The edges of the diamond are brazed with a 
gold-indium braze in intimate thermal contact with a 
shoulder of the well to maximize heat conduction from 
the edges of the diamond into the base flange. The 
base flange may be fastened to the flat surface of a heat 
sink member with the diamond in intimate thermal con- 
tact with the heat sink member. 
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